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[57] ABSTRACT 

By increasing the section modulus of an underwater 
pipeline intermittently and for' relatively short dis 
tances to a substantially higher level, a barrier is pro 
vided preventing propagation of a collapse of the pipe 
caused by external pressure exerted on the outside di 
ameter of the pipe. 

8 Claims, 7 Drawing Figures 
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MITIGATION OF PROPAGATING COLLAPSE 
FAILURES IN PIPELINES DUE TO EXTERNAL 

LOAD ‘ 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and appa 
ratus for mitigation of propagating collapse failures in 
underwater pipelines. Deep water offshore pipelines 
having high diameter to wall thickness (D/t) ratios can 
collapse in one section and the collapse can propagate 
along the pipeline until it either encounters an obstacle 
such as a valve body or until the water depth is substan~ 
tially decreased. 
Collapse failures in underwater pipelines are also in 

duced by pipe laying operations during construction. 
Pipe laying apparatus maintains the pipe in tension by 
gripping means engaging the outside diameter of the 
pipe and as a result tends to oval pipe having thin walls. 
By ovaling the pipe the collapse resistance can be re 
duced by as much as 40 per cent if the pipe is deformed 
one wall thickness. Such a reduction of the collapse re 
sistance is substantial. A result of this is that heavier 
walled pipe is used (lower D/t ratios) greatly increasing 
the cost of the underwater pipeline. 
Collapse may also be induced after construction and 

during operation of the pipeline by damage caused by 
external forces such as dragging ship anchors, mud 
slides, water induced movement or other disturbances. 

SUMMARY or TIIE INVENTION 

The present invention advantageously solves the 
problem of propagating collapse in underwater pipe 
lines by increasing the section modulus of the pipe in 
termittently and for short distances providing an eco 
nomical mechanical barrier to stop a collapse that is 
moving along an underwater pipeline. 

‘ A further advantage of the present invention is that 
the mechanical barriers may be installed at prescribed 
or desired intervals depending upon the economics of 
the installation prescribing either the'minimum or max 
imum length to be replaced. 
An even further advantage of the present invention 

are the ‘attractive economic bene?ts that are derived by 
not being required to install a continuous heavier or 
thicker walled pipe that directly increases the cost of 
‘such an installation. 

DESCRIPTION OF THE DRAWING 

The invention will be more fully appreciated with ref 
erence to the drawings in which: 
FIG. 1 illustrates an underwater pipeline being in 

stalled at an offshore location; 
FIG. 2 shows in cross-section one embodiment of the 

present invention to increase the section modulus of 
the underwater pipeline; 
FIG. 3 illustrates an alternate embodiment to in 

crease the section modulus of the underwater pipeline; 
FIG. 4 shows a further embodiment of the present in 

vention; 
‘ FIG. 5 illustrates another embodiment of the present 

invention; and 
FIG. 6 illustrates another embodiment of the present 

invention. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Referring now to FIG. 1, an underwater pipeline 1 is 
being installed at an offshore location using a pipe lay 
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2 
ing barge 3 that is equipped with means by which the 
pipeline 1 is fed into the water 2 such that it assumes 
a position parallel to and in contact with the sea floor 
4. Laying a pipeline having a high ID/t ratio and conse 
quent low section modulus (I/c) using a conventional 
pipe laying barge, can cause a collapse which can prop 
agate along the entire length of a pipeline that may be ' 
several miles long. The apparatus on board the barge 
3 that maintains the pipeline 1 in tension has a ten 
dency to oval the pipe and as a result lower the collapse 
resistance of the pipeline 1. By increasing the section 
modulus of the pipeline at intermittent intervals and for 
short distances a collapse propagating along the‘ of 
pipeline 1 can be stopped at the point of increased sec 
tion modulus. 
For a proper understanding of the invention, the 

basic principles upon which it is founded will ?rst be 
discussed. Brie?y, the basic theory underlying this in 
vention states that by increasing the section modulus of 
the pipeline 1 over a short interval that a propagating 
collapse will be blocked. The section modulus is de 
?ned by the ratio of the moment of inertia to the dis» 
tance from‘ the neutral axis to the point of interest. In 
the case of the circular pipe, the moment of inertia (I) 
ls described by the following equation: 

Where D = outside diameter of the pipe —.- inches 
d = inside diameter of the pipe — inches 
It can be seen from an examination of the above 

equation that as the difference between the outside di 
ameter (D) and the inside diameter (d) becomes small, 
that the moment of inertia becomes quite small. Con 
versely, when this difference becomes large the mo 
ment of inertia becomes quite large also. In both of 
these examples the distance from the neutral axis (c) 
would not vary significantly so that the section modulus 
(l/c) would almost be a direct proportion to the mo 
ment of ‘inertia. The distance from the ‘neutral axis (c) 
would not vary because when specifying what size pipe 
is to be installed reference is made to the outside diam 
eter of the pipe so that thicker walled pipe reduces the 
internal diameter of the pipe while not changing the 
outside diameter. 

In determining the distance between points of in 
creased section modulus along the underwater pipeline 
1 numerous factors need to be considered such as (1) 
overall length of the pipeline, (2) the diameter to thick 
ness ratio (D/t) of the pipeline, (3) water depth, (4) 
type of tensioning apparatus on board the barge, (5) 
minimum length of pipeline that can be feasibly re 
placed, and (6) cost of installing the increased section 
modulus means. 

In FIG. 2a and 2b one means of increasing the section 
modulus is shown. A collar 5 can he slipped over the 
outside of the pipeline 1 and then welded as at weld 6 
at both ends to the pipeline 1 to increase the section 
modulus. This can then be repeated at prescribed inter 
vals ‘as the barge proceeds through the water 2. The 
outer diameter of the collar may conveniently be se 
lected to be equal to or slightly less than the outer‘ di 
ameter of a concrete weight coating (not shown) that 
is often applied to large diameter underwater pipelines. 
In this way, the collapse resisting collars would not in 
terfere with the pipe handling apparatus used during 
construction. An alternative means to that shown in 
FIG. 2 is illustrated in FIG. 3. In this ?gure, a short sec 
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tion of pipe 7 or nipple is installed in the pipeline 1, the 
pipe 7 having a substantially thicker wall and would be 
equivalent to that shown in FIG. 2 as a means of in 

- - creasing the section modulus. The length of the collar 
5 and pipe section 7 may be as short as one-half the 
wall thickness of the pipe or alternatively a minimum 
section modulus for the collar 5 taken in a plane paral 
lel to the longitudinal axis of the pipeline 1 may be 
speci?ed. For example, if 

In,“ = 1/12 bh“ where 
b = the length of the collar 5; and 
h : tPlpe/Z 

and letting b = 1 inch 

I,,,,,, E :3/100 

therefore the minimum section modulus (S) per inch of 
collar length is Sm", (lN3)/lN = I/'c = 22/25 where c = 

‘vine/4 . 

illustrating that a short and “stiff” collar 5 will stop col 
lapse propagation better than a long thin collar 5 of 
equivalent section modulus. 

In FIG. 4 a further embodiment of invention illus 
trates a metal pig 8 installed in the pipeline 1. The pig 
8 would be inserted in pipeline 1 from the barge 3 and 
displaced to the desired location in the pipeline 1 by 
using a displacement pump. The operator by knowing 
the displacement of the pump during each stroke and 
the volume of the pipeline 1 per unit length can accu 
rately position the pig 8 in the pipeline 1. 
A further variation of the invention is shown in FIG. 

5 which also utilizes a metal pig 10 as means of stop 
ping a propagating collapse. This embodiment would 
be preferable to that shown in FIG. 4 as it is installed 
in prescribed sections of the pipeline 1 prior to assem 
bly. The pig 10 is held in place by an adhesive or mag 
netic clamp 9 which is designed to shear at predeter 
mined magnitude of pressure differential in the range 
of 100 psi to 1,000 psi. 
An even further embodiment of the present invention 

is shown in FIG. 6, a short section of pipe 26 is welda 
bly secured to the inside daimeter of the pipeline 1 by 
means of spot welds 24 at each end. The short section 
26‘ would be installed in the pipeline during the process 
of laying the pipeline 1 by barge 3 and would be in 
stalled at predetermined spaced intervals at the joinder 
of two separate sections (weld 21) of pipe making up 
pipeline 1. The short section 26 is preferably provided 
with chamfers 27 at each end to minimize sharp 
changes in the internal diameter of the pipeline 1. 
The previously described embodiments are particu 

larly intended for application in underwater pipelines 
having D/t ratios greater than (C/I~I)"2 where 
C = 180,000 feet; and - 
H = the water depth expressed in feet 

and are further intended to be applied to protect the 
pipeline during the construction of pipeline 1. The time 
during which the pipeline 1 is being installed is the most 
critical time during which the pipe is subject to abnor 
mal collapse pressures exerted on its outer diameter by 
the water above it. The pipeline 1 is usually evacuated, 
having no internal pressure, while being installed and 
when put into service transporting ?uids to an onshore 
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4 
location the pipeline usually has sufficient internal 
pressure to more than offset any pressure exerted by 
the head of water above it. 
The embodiments of FIGS. 3 and 4 wherein metallic 

pigs are placed inside the pipeline 1, these pigs would 
be removed by using a ?uid displacement procedure 
upon completion of the pipeline installation. Pressure 
would be applied at one end of the pipeline and the pigs 
would be displaced by ?uid until all had reached the 
opposite end of the pipeline. 
The embodiments of the present invention are adapt 

able for use in any water depth but are particularly use 
ful in water depths where a D]! pipe ratio is desired 
which exceeds the factor (C/H)”2 where C = 180,000 
and H = the water depth in feet and preferably the 
means by which the section modulus is increased are 
spaced at intervals ranging from 40 feet up to 10 miles 
from one another. 
We claim: 
1. A method for preventing a collapse from propagat- ‘' 

ing along an underwater pipeline, said method compris 
ing the step of: ' _ 

providing means at intermittent intervals along the 
length of the pipeline to increase the section modu 
lus of the pipeline; 

said underwater pipeline having a D/t ratio exceeding 
the value of the expression (C/I-I)llz wherein 
D is the outside diameter of the pipeline, 
t is the wall thickness of the pipeline, 
C is an empirical constant equalling 180,000 feet, 
and ' 

H is the water depth in feet. 
2. The method of claim 1 wherein the means com 

prises a collar having an inside diameter slightly larger 
than the outside diameter of said pipeline and having 
a minimum length equal to one-half the wall thickness 
of the pipeline, the collar being weldably attached to 
said pipeline. 

3. The method of claim 1 wherein the means com 
prises a section of pipe having a minimum length equal 
to one-half the wall thickness of the pipeline, and hav 
ing a greater wall thickness than said pipeline, said pipe 
section being weldably secured at its ends to said pipe 
line to form a part of said pipeline. 

4. The method of claim 1 wherein the means com 
prises a metallic pig inserted in the inner bore of said 
pipeline and having an outside diameter slightly smaller 
than the inside diameter of said pipeline. 

5. The method of claim 4 wherein said pig is dis 
placed to the desired position in said pipeline by pump 
means. 

6. The method of claim 4 wherein said pig is installed 
in said pipeline and held in place by shearable means. 

7. The method of claim 1 wherein the means increas 
ing the section modulus of said pipeline are spaced 
apart along said pipeline at a distance ranging from 40 
feet to 10 miles. 

8. The method of claim 1 wherein the means to in 
crease the section modulus has a minimum section 
modulus (I/c) per inch of length that at least equals the 
value of the expression t'l25. 
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